Obejective: Firstly, to study the effect of tea and tea polyphenols on cardiovascular risk indicators of the in¯ammatory system (IL6, IL1b and TNF-a, CRP), and on haemostasis and endothelial proteins with an acute phase behaviour (®brinogen, vWF, PAI-1, FVIIa and u-PA). Secondly, to study the relationship between plasma levels of antioxidants (a-tocopherol, b-carotene and vitamin C) and these acute-phase, cardiovascular risk indicators. Design: Randomized study. Subjects: Sixty-four smoking healthy volunteers were recruited by newspaper advertisements; there were ®ve dropouts. Intervention: Four-week administration of black tea, green tea, green tea polyphenol isolate and mineral water (13 ± 16 per group). Measures: Plasma levels of the in¯ammatory markers IL6, IL1b, TNF-a, CRP, ®brinogen, vWF, PAI-1, FVIIa and u-PA and of the antioxidants a-tocopherol, b-carotene and vitamin C. Results: Different dosages of tea polyphenols had no effect on in¯ammation, haemostasis and endothelial markers. There was a signi®cant negative correlation between the levels of the antioxidant b-carotene and the in¯ammation markers IL6 and ®brinogen (r 70.35 and r 70.37, respectively, P`0.01) in this group of smokers. Remarkably, there was a signi®cant positive correlation between the levels of the antioxidant atocopherol and the in¯ammation marker IL6 (r 0.28, P`0.05). Conclusions: Tea drinking had no effect on the levels of the in¯ammation, haemostasis and endothelial cardiovascular risk factors measured. We did observe a relationship between the antioxidant variables atocopherol and b-carotene and in¯ammation markers in this group of healthy smoking subjects. Sponsorship: This work was supported in part by
Introduction
Increased plasma ®brinogen and C-reactive protein (CRP) levels have been identi®ed as independent cardiovascular risk indicators in epidemiological studies in healthy individuals (Meade et al,1986; Ernst Research 1993; Ridker et al, 1997) and in patients with angina pectoris (Thompson et al, 1995; Haverkate et al, 1997) . A suggested mechanism for the association between ®brinogen, CRP and cardiovascular disease (CVD) is in¯ammation, since both proteins are acute phase proteins and their plasma levels may re¯ect systemic in¯ammation or atherosclerosis of the vascular wall. Other markers for the risk of cardiovascular events that are associated with in¯ammation, are the haemostatic factors Von Willebrand Factor (vWF Thompson et al, 1995; Jansson et al, 1991) , plasminogen activator inhibitor-1 (PAI-1 Hamsten et al, 1987) , activated factor VII (FVIIa Meade et al, 1986; Miller et al, 1994) and urokinase-type plasminogen activator (u- PA Munkvad et al, 1990) . vWF and PAI-1 are also markers for endothelial function.
In¯ammation as a major factor in cardiovascular disease has been suggested in the`response to injury' model by Ross and colleagues (Ross, 1999) . The mechanism postulated is that activation of the endothelial lining of an affected artery results in cellular in®ltration and proliferation and ultimately in the development of advanced atherosclerotic lesions. Activated endothelial cells and in®ltrating phagocytic leukocytes are a major source of reactive oxygen metabolites, which are able to initiate andaor amplify in¯ammation via the upregulation of different genes involved in the in¯ammatory response, such as those that code for proin¯ammatory cytokines and adhesion molecules. Dietary antioxidants may protect against oxidant-mediated in¯ammation and tissue damage by scavenging free radicals and by inhibiting the activation of oxidant-sensitive transcription factors, such as NF-kB, resulting in an attenuated in¯ammatory response (Berliner et al, 1995) . Indeed, in studies in patients with in¯amma-tory diseases, antioxidant nutrients reduce the in¯ammatory symptoms (Berliner et al, 1995; Adam, 1995) and Haglund and colleagues also reported that the ®brinogen-lowering effect of ®sh oil depended on the vitamin E (a-tocopherol) content, and thus on the antioxidant capacity, of ®sh oil preparations (Haglund et al, 1994) . Also, in animal studies, antioxidants decreased the in¯ammatory status (Yang et al, 1998b; Katiyar et al, 1993) . An inverse association between avonoid intake and the risk of CVD has been reported in several prospective studies (Stensvold et al, 1992; Hertog et al, 1993 , 1995 Knekt et al, 1996 Rimm et al, 1996) and it has been suggested that the tea¯avonoids contribute to this association. The¯avonoids are a large group of polyphenolic compounds with different antioxidant properties, which are grouped in families based on structural differences, and which occur naturally in vegetables and fruits and in beverages such as tea and red wine (Balentine 1992; Xie et al, 1993; Jha et al, 1995; Rice-Evans et al, 1996; Wiseman et al, 1996) . Black and green teas are a major source for¯avonoids and provide approximately 50% of the total¯avonol-intake in The Netherlands (Hertog et al, 1993) . Among the¯avonoids in tea the catechins, belonging to the family of the¯avanols, are the predominant polyphenols in green tea, whereas black tea contains thearubigins and thea¯avins in addition to catechins (Balentine, 1992) .
In this study, we assessed the effect of consumption for 4 weeks of black or green tea or of intake of isolated green tea polyphenols (providing increasing dosages of catechins) on markers of in¯ammation (cytokines and CRP) and haemostasis factors with an acute phase conduct (®brino-gen, vWF, PAI-1, FVIIa and u-PA) that are associated with cardiovascular disease risk. We further investigated the relationship between plasma levels of antioxidants (a-tocopherol, b-carotene and vitamin C) with these in¯ammation and haemostasis factors.
The study was performed in smokers because cigarette smoke contains a large number of peroxyl radicals, which directly and indirectly deplete the antioxidative capacity of the plasma and of LDL (Chow et al, 1986; Princen et al, 1992) . Since the levels of the selected markers are increased in smokers (Eliasson et al, 1995; de Maat et al, 1996 , Miller et al, 1998 Margaglione et al, 1998) , we hypothesized that reduction of the oxidative stress by tea polyphenols may normalize the increased levels.
Subjects and methods

Subjects
Sixty-four healthy subjects, smoking at least 10 cigarettes per day, were recruited through advertisements in local newspapers and in the Leiden University Medical Centre for participation in a study on the effect of tea consumption on plasma lipid and antioxidant levels and on LDL oxidation. Any apparent chronic disease, the use of any kind of special diet, consumption of more than 4 units of alcohol per day, pregnancy, lactation, unexplainable weight-loss ( 2 kg) during 1 month prior to the study, the use of relevant medication, especially lipid lowering drugs, oestrogens (other than oral contraceptives) or antioxidant vitamins, and a serum cholesterol 7 mmolal were exclusion criteria. Five subjects did not complete the study (three dropped out during the run-in period and two dropped out during the intervention period), all because of social circumstances. The Medical Ethical Committee of the Leiden University Medical Centre approved the study and written consent was obtained from all volunteers in accordance with the Declaration of Helsinki.
Study design
The study design has been published elsewhere in detail (Princen et al, 1998) . The study had a single-blind placebocontrolled parallel design. During a run-in period of 2 weeks the subjects drank six cups (150 ml) of the control beverage (mineral water) daily. During the next 4 weeks each subject used the assigned intervention beverage. The intervention was consumed evenly spread during the day.
To reduce variation in consumption of tea components due to different brewing methods, freeze-dried extracts of green and black tea were supplied in small tea bags. Each bag contained 500 mg of tea extract, which fully dissolved in 150 ml of cooked water. The volunteers were asked to drink six cups (150 ml) of black tea, green tea or control beverage daily. Thus a daily dose of 3 g of black or green tea solids was consumed. The green tea polyphenol isolate was provided in capsules. Each capsule contained 150 mg of polyphenol isolate. The subjects were asked to use 664 capsules per day with 66150 ml of control beverage. Thus a daily dose of 3.6 g of green tea polyphenol isolate was used, which was equivalent to the amount of 9 g of green tea solids (ie equal to 18 cups per day). The¯avonoid composition of green and black tea and of the green tea polyphenol isolate was determined by reverse phase HPLC (Balentine, 1992) and is shown in Table 1 . The subjects were asked to stick the labels of their bags of tea or capsule boxes in a daily diary as a compliance check. The control beverage was mineral water.
The subjects were instructed by a dietician to adhere to their normal eating habits during the intervention as closely as possible. They were not allowed to consume red wine or more than two oranges or two glasses (100 ml) of fruit juice per day or to drink tea apart from the prescribed six cups per day. The research centre was visited once a week to report side effects of treatment and to collect the intervention for the next week. Food and drink frequency questionnaires were ®lled in twice to assess daily vitamin C, vitamin E and b-carotene consumption and¯avonoid intake, apart from intervention, before and during the study.
Methods
Blood samples were collected in the morning after a 10 h overnight fast after the run-in period and on day 29 of the treatment period within 2 ± 3 h after the last tea-consumption or polyphenol intake, in Vacutainer tubes containing EDTA (®nal concentration 1 mgaml) or citrate (®nal concentration 0.0129 M). The blood was immediately placed in melting ice. After centrifugation, plasma was collected and snap-frozen in small aliquots and stored at 780 C. Samples for measurement of vitamin C were stabilized by addition of glytathion (10 mgaml). Haemostasis variables were determined in the citrated plasma, antioxidant variables in the EDTA plasma. Fibrinogen was determined using the clotting-rate method described by Von Clauss (Von Clauss, 1957) . CRP was determined with an enzyme immunoassay (EIA) that uses rabbit antibodies against human CRP as capture and tagging antibodies (Dako). CRP-standard serum (Behringwerke) is used as the reference plasma.
Interleukin-6, interleukin-1b and tumour necrosis factora were determined with a high-sensitivity EIA according to the instructions of the manufacturer (R&D systems Europe Ltd).
vWF was determined with an EIA using rabbit antibodies to human vWF (Dako). PAI-1 antigen was determined with an EIA using monoclonal antibodies (Declerck et al, 1988 ) that measures human PAI-1. It detects active and inactive (latent) forms of PAI-1, as well as that complexed as t-PAaPAI and u-PAaPAI (Tinteliza PAI-1, Biopool, Umea Ê, Sewden).
u-PA was determined using an EIA as described previously (Binnema et al, 1986) . FVIIa was determined using a one-stage clotting assay using recombinant thromboplastin and factor VII-de®cient plasma according to the instructions of the manufacturer (Stago) (Morrissey et al, 1993) . Alpha-tocopherol and b-carotene contents in plasma and in LDL (stored at 780 C) were assayed by HPLC with UV ± vis detection (Lee et al, 1995) . Vitamin C was determined colorimetrically using an enzymatic kit supplied by Boehringer Mannheim.
Statistical analysis
When required, data were logarithmically transformed before analysis. The effect of intervention on levels of haemostasis, in¯ammation and endothelial function markers was analysed using linear regression analysis after adjustment for age, sex, change in triglyceride levels, smoking habits and body mass index. The analyses were adjusted for triglyceride changes because during an acute phase reaction triglyceride levels go up, which results in a larger distribution volume for vitamin E. The relationship between baseline levels of antioxidants and in¯ammation markers was analysed using partial Pearson correlation with adjustment for age, sex, triglyceride levels, smoking habits and body mass index. The study size is suf®cient to detect changes in ®brinogen levels of 1 s.d. with a 0.05 and 1-b 0.80. The Statistical Package for the Social Sciences (SPSS) for Windows version 6.1 (SPSS Inc.) was used for the analyses. P-values below 0.05 were considered signi®cant.
Results
The baseline characteristics of the smoking volunteers are given in Table 2 . The compliance of the participants in tea consumption was very good (as monitored by counts of unused bags of tea and capsules): 97% in both the black tea and green tea groups, and 95% in the green tea polyphenol group. None of the participants reported any side effects. Dietary intake of antioxidants vitamin C, vitamin E, bcarotene, and¯avonoids (quercetin, myricetin and kaempferol, corrected for¯avonoids from tea) was similar before and at the end of the study (Princen et al, 1998) .
Baseline levels of plasma total cholesterol levels were 5.30 mmolal (s.d. and of vitamin C 4.9 mmolal (s.d. 2.5). These levels were comparable in the four groups and did not change during the intervention period (Princen et al, 1998) .
Effect of consumption of tea and tea isolate on haemostasis, in¯ammation and endothelial function variables There were no signi®cant differences in the baseline characteristics or in the baseline levels of the in¯ammation, haemostasis and endothelial markers between the four groups. After 4 weeks of tea consumption, no changes (levels after 4 weeks 7 baseline levels) were observed in levels of the cytokines IL6, IL1b and TNFa (P for trend NS) (Table 3) . Also, the changes in the levels of the strong acute phase proteins CRP and ®brinogen were not associated with increasing¯avonoid dose in the treatment groups (P for trend NS). Levels of the weak acute phase proteins vWF and FVIIa were slightly lower after the treatment period, but the effects were comparable in the groups consuming tea or green tea isolate and the group consuming water. No effect of treatment was observed on levels of the cytokines, PAI-1 and u-PA (Table 3) .
Relation between baseline in¯ammation, haemostasis and antioxidant variables As expected, a strong correlation was observed between ®brinogen, CRP and IL6 (Table 4) . a-Tocopherol and b-carotene were correlated with IL6 (r 0.28, P`0.05 and r 70.35, P`0.01, respectively) and b-carotene was also correlated with ®brinogen (r 7 0.37, P`0.01). The relationship between a-tocopherol and IL6 was different in women (r 0.57, P`0.01) and men (r 0.1, NS). The relationship between a-tocopherol and other in¯ammatory markers (®brinogen, CRP, vWF) was not signi®cant but always stronger in women than in men. No signi®cant correlation was observed between antioxidant markers BMI body mass index. a Cups of tea per day before the start of the study.
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and TNF-b, IL1-b, vWF, PAI-1 and u-PA. No association was observed between a-tocopherol and b-carotene levels and smoking (number of cigarettesaday), thus excluding a possible confounding effect of smoking habits. Vitamin C levels were not correlated with any of the in¯ammation or haemostasis markers.
Discussion
In this paper we showed that neither the levels of the cytokines (IL6, ILI b, TNFa) nor the levels of the strong acute phase proteins (®brinogen and CRP) were affected by low or high dosages of tea polyphenols in these heavy smokers. We also observed a negative association between plasma levels of the antioxidant variable b-carotene with IL6 and ®brinogen and also a relationship between a-tocopherol and the in¯ammation marker IL6, which surprisingly was positive.
Effect of tea consumption on in¯ammation and haemostasis variables
In this study, increasing amounts of tea polyphenols were consumed by the different groups. The amount of tea (95) 16 (81) 19 (64) 13 (37) Blood was collected before the start and at the end of the intervention period. Values are either mean (s.d.) or geometric mean (CV) (the latter for logarithmically transformed data) for all subjects. Basal indicates baseline values; D, absolute change between treatment and baseline values; %D, percentage change with respect to baseline values. CRP C-reactive protein; IL-6 interleukin-6; IL 1b interleukin-1b; TNF-a tumour necrosis factor-a; vWF Von Willebrand factor; FVIIa activated factor VII; u-PA Urokinase-type plasminogen activator, PAI-1 plasminogen activator inhibitor-1 antigen.
a Data logarithmically transformed before analysis; P for trend using linear regression analysis after adjustment for age, sex, change in triglyceride levels, smoking habits and body mass index. CRP C-reactive protein; IL-6 interleukin-6; IL 1b interleukin-1b; TNF-a tumour necrosis factor-a; vWF Von Willebrand factor; FVIIa activated factor VII; u-PA urokinase-type plasminogen activator; PAI-1 plasminogen activator inhibitor-1 antigen.
a Levels have been logarithmically transformed before analysis; *P`0.05; **P`0.01; ***P`0.005.
Effect of tea consumption in smokers
MPM de Maat et al consumed in the different groups was six cups of black tea, six cups of green tea, or green tea polyphenols (equivalent to 18 cups of green teaaday) and thus a high intake of tea polyphenols was achieved. No dosage, not even the highest, of tea¯avonoids affected the in¯ammation, haemostasis and vascular function variables measured. We recently reported that the plasma antioxidant levels were also unchanged in this study, indicating that intake of high doses of tea catechins, provided as a supplement, had no sparing effect on plasma antioxidant levels (Princen et al, 1998) . A lack of compliance can be excluded as an explanation for these negative results because the compliance was b95% for all groups. It is known that tea polyphenols are rapidly taken up in the blood (Nakagawa et al, 1997; van het Hof et al, 1998; Yang et al, 1998 a) , suggesting that lack of uptake of the antioxidants also cannot explain the negative results. Cigarette smoke contains a large amount of free radicals (Church & Pryor, 1985) , which directly and in directly decrease plasma levels of antioxidants in plasma (Chow et al, 1986; Princen et al, 1992) and increase products of lipid peroxidation in the circulation (Morrow et al, 1995) , both indicating that smoking subjects have increased oxidant stress. Our hypothesis was that antioxidants may decrease the oxidant stress and thereby also the in¯ammatory response, and it was expected that tea consumption in smokers would result in a decrease of the plasma levels of the cytokines IL6, IL1b and TNFa. These cytokines are the main determinants of the synthesis of the acute phase proteins measured. Our results do not support this hypothesis.
Our results concord with recent studies that reported that black tea consumption (4 weeks) had no effect on plasma ®brinogen and PAI-antigen levels (Vorster et al, 1996) and that green tea consumption (4 weeks) had no effect on plasma ®brinogen and other haemostasis markers (Freese et al, 1999) . Janssen and colleagues recently studied the effects of the¯avonoids quercetin and apigenin (from onions and parsley) on haemostasis in healthy volunteers (Jansen et al, 1998) . These polyphenols belong to different classes of¯avonoids (¯avonols and¯avones, respectively), but they also did not affect ®brinogen, PAI-1 activity, factor VII coagulant activity, plasminogen, platelet aggregation or thromboxane B2 production. Recently, Loktionov and coworkers reported that the apolipoprotein E genotype modulates the effect of black tea consumption on PAI-1 activity, but not on PAI-1 antigen, tPA antigen and ®bri-nogen (Loktionov et al, 1998) . The mechanism of this relationship between variation in the apolipoprotein E gene and the effect of tea on ®brinolysis has not been elucidated, but the observation is intriguing.
Several, but not all, prospective studies have observed an inverse association between tea-consumption and the risk of CVD and it has been suggested that this association can be explained by the antioxidant effect of the¯avonoids in tea (Stensvold et al, 1992; Hertog et al, 1993 Hertog et al, , 1995 Hertog et al, , 1997 Knekt et al, 1996; Rimm et al, 1996) . In a previous study we found no effect of consumption of green or black tea and green tea polyphenols on plasma lipid and antioxidant levels and variables of LDL oxidation ex vivo (Princen et al, 1998) . Similarly, in the present study no effect was found on other cardiovascular risk factors. This suggests that tea components may still in¯uence other risk factors or that the original results may have been due to confounding, all the more so because tea consumption has been suggested to be accompanied by a more healthy life-style.
Relation between in¯ammation, haemostasis and antioxidant variables Strong associations were found between IL6, ®brinogen and CRP. This was to be expected, because ®brinogen and CRP are acute phase proteins that are synthesized in the liver and IL6 is their main regulator (Heinrich et al, 1990) . IL1b and TNFa are also known to in¯uence the synthesis of ®brinogen and CRP in cultured hepatocytes (Baumann et al, 1987) , but no associations between these variables were observed in this study.
Levels of u-PA have also been associated with cancer risk. The decreased cancer risk that is found with a high intake of antioxidants has been suggested to be mediated through an effect of tea consumption on uPA-levels. It was recently reported that tea-¯avonoids inhibit the effect of uPA in vitro, but the concentrations of¯avonoids used were 1000 and more times higher than those found in human plasma (50 ± 100 ngaml (Jankun et al, 1997) .
In this study we observed a negative association between plasma levels of the antioxidants b-carotene with IL6 and ®brinogen and only weak, non-signi®cant negative associations of vitamin C with the variables measured. Surprisingly, a positive association between plasma levels of a-tocopherol and in¯ammation markers was observed. This positive correlation between a-tocopherol and in¯am-mation markers was surprising, because an inverse relationship was expected. In addition to the relationship at baseline, we also observed a positive association between the variation over time of a-tocopherol and in¯ammation markers (data not shown). In contrast, Haglund and coworkers reported that ®sh oil only lowered ®brinogen when it was administered together with vitamin E, suggesting ®brinogen reduction as a result of the antioxidant (Haglund et al, 1994) . However, data on this relationship is scarce and future research is needed.
We also saw a positive, but nonsigni®cant, correlation between a-tocopherol and vWF. A study by Huang and colleagues suggested a negative association, because they observed profound effects of a-tocopherol on endothelial cell functions such as vWF production in cultured endothelial cells (Huang et al, 1988) . However, the concentrations used in their in vitro studies (b0.5 mmolal) were at least 20-fold higher than the a-tocopherol level in human plasma (around 25 mmolal). Further, it is important to notice that our study was performed in an unsupplemented population.
In conclusion, in this study we observed that consumption of black tea, green tea and green tea polyphenols does not affect plasma levels. Thus it is not likely that the reported inverse relationship between mortality from coronary heart disease and tea consumption can be explained by a reduction by tea polyphenols of the in¯amma-tion, haemostasis and endothelial function risk indicators measured.
